This study was undertaken to ascertain the effects of different levels of magnesium on the nutrient-element balance of two inbred lines of corn and its relationship to the incidence of leaf blight caused by Helminthosporium maydis. The influence of nutrition on the severity of plant diseases has received considerable attention (3, 7, 15, 16, 17, 18, 20, 21, 22, 23) . Wingard (25) gives a general review of the literature pertaining to this subject. In general, the literature supports the view that high concentrations of nitrogen predispose plants to disease, while high potassium tends to retard disease development. Many conflicting cases, however, may be found. Some of the discrepancies may be caused by inadequate knowledge concerningf the nutritional status of the plants under study, as reflected by leaf composition, while others may be caused by differences in the nutriti6nal requirements of various pathogens.
Investigations dealing with the effect of magnesium on the susceptibility of plants to disease are limited to a few papers. Bledsoe et al. (3) reported a relationship between the magnesium content of leaf tissue and the incidence of peanut leafspot. They found that plants grown at low magnesium levels had less magnesium in the leaf tissue and developed about fifty times more leaf spots than did plants grown at high magnesium levels. A fung,us, Mycosphaerella arachidicola W. A. Jenk, was isolated from the leaf spots, leading them to believe it was responsible for the disease.
Differences between inbred lines of corn with respect to leaf-blight susceptibility are well established (19, 24) . Little is known, however, concerning differences 1 (14) found that growth curves of various inbred lines differed although grown at the same magnesium level. It has been noted from field observations that some inbred lines exhibited visual deficiency symptoms, while others growing nearby did not (10) .
Problems involving magnesium deficiency in crop plants can be expected to become more numerous in the future (1). Since little is known regarding the effect of magnesium on disease susceptibility and the nutrition of different inbred lines of corn, it is important that further information be obtained.
MATERIALS AND METHODS
Two inbred lines of corn, Illinois Hy and Ohio 41, were grown in a greenhouse in nutrient solutions containing three levels of magnesium, while all other elements were kept as constant as possible. A preliminary experiment was carried out to determine the lowest and the highest concentrations which did not produce deficiency or toxicity symptoms respectively. To determine these levels both inbred lines were grown in solutions to which the following amounts of magnesium were added: 0, 3, 5, 10, 25, 45, 60, 75, 100, 250 and 500 ppm. The sole purpose of the preliminary experiment was to study the response of both inbreds to a wide range of magnesium levels and to select the levels most appropriate for further experiments.
This information was used in setting up the main experiment. Three levels of magnesium were chosen: 3 ppm (low), 75 ppm (medium), and 300 ppm (high 24, 1950 , when the young plants had attained a height of 5 cm they were transferred to the nutrient-culture assembly.
On September 9, 1950, the plants were inoculated with mycelium and spores of Helminthosporium maydis. Preliminary tests of several races of this pathogen showed the race Lancaster 2 to be quite virulent with respect to the two inbred lines of corn under study. The inoculum was produced by streaking Petri dishes containing 15 ml of cornstarch agar with mycelium of the pathogen; two weeks later, uniform discs of the mycelium-bearing agar were removed from the dishes by means of a 3-mm cork borer. To eliminate any differences between cultures the discs were randomized before being placed on the plants. One disc was gently pressed upon the fifth and sixth leaves, counted from the base, of each plant at a point midway between the midrib and leaf margin and about 15 cm from the tip. The inoculations were made in the evening so that infection would take place when the greenhouse was cool.
A clear plastic parafilm tent was placed over the entire nutrient-culture assembly and a humidifier was operated under it to furnish a high humidity favorable for the development of the pathogen.
The index of disease incidence was taken on October 4, 1950, when the disease lesions had developed to a maximum and secondary infection had commenced. The inoculated leaves were removed from the plants and the area of the disease lesions was measured by means of a planimeter. Each lesion was measured twice and the mean of the two readings was recorded in cm2. Only those lesions which directly surrounded the original point of inoculation were measured; no attempt was made to measure secondary infection.
Leaf sampling was carried out on September 19, 1950 , with the removal of the seventh, eighth, and ninth leaves from each plant. They were wiped with damp cheesecloth to remove contaminating substances, dried in an oven at 60°C, and ground in a Wiley mill through a 40-mesh screen.
The minerals, P, K, Ca, Mg, Na, Fe, Mn, Cu and Zn were determined by the leaf analysis methods of Parks et al. (12) as modified by Smith (16) . Total N was determined on a separate 0.5-gm sample using the Winkler modification of the Kjeldahl-Gunning method (13) . A second 0.5-gm sample was used for the determination of boron by the method of Austin and McHargue (2) .
All results reported are the means of closely agreeing duplicates except in a limited number of cases where sample size restricted the analysis to a single determination. The leaf-analysis data were subjected to analysis of variance as described by Goulden (8) , while the disease data was treated statistically by means of the " t " test. EXPERIMENTAL RESULTS The nutrient-element balance of both inbred lines was significantly altered as a result of varying Mg treatments. It will be noted from table I that there was a consistent increase in leaf concentration of Mg when this element was increased in the nutrient medium from a low level (3 ppm) to the medium The disease susceptibility of both inbred lines was altered as a result of changes in the intensity and balance of nutrition brought about by the three magnesium levels in the nutrient solutions. Table IV shows the incidence of disease for both inbreds at the three Mg levels with the accompanying statistical significance. As the magnesium concentration of the nutrient solutions was increased there was a consistent increase in disease incidence of both inbred lines.
With the inbred line Ohio 41 there was a highly significant increase in size of disease lesions on plants grown at the medium magnesium level when compared with those on the plants grown at the low magnesium level. A like significance was obtained when comparison was made between the low and the high levels.
There was no significant difference between the medium and high levels even though disease incidence was greater at the high level.
Illinois Hy exhibited the same trend in disease susceptibility as did Ohio 41. The differences while consistent were not so great and were not statistically significant. There was a marked increase in disease incidence at the medium Mg level when compared with the low level. A higher concentration of Mg in the nutrient medium failed to bring about an appreciable increase in disease incidence. A comparison of the disease susceptibility between the two inbred lines shows Illinois Hy to be more susceptible to Helminthosporium maydis at all the magnesium levels used in this experiment. At the low and medium levels the differences are highly significant, while at the high level no significant difference exists.
DISCUSSION
Both inbred lines exhibited similar trends with respect to disease susceptibility at the three Mg levels. Disease incidence of the inbred line Illinois Hy was not increased by larger increments of magnesium to the same extent as it was in the other inbred line. This is especially true of the high magnesium level. The failure to obtain greater disease incidence at the high Mg level is in part based on the growth char-acteristics of this inbred line. Throughout these experiments the growth of Illinois Hy was characterized by narrow leaves as contrasted to the broad leaf of Ohio 41. When disease measurements were taken it was noted that at the high level many of the disease lesions on Illinois Hy had spread from the point of inoculation to the leaf margin and were thus unable to develop further in a lateral direction. This undoubtedly resulted in lower readings than would have been obtained had the lesions been able to develop freely. Thus disease susceptibility of Illinois Hy at the high Mg level was conditioned in part by a factor other than nutrition of the suscept.
Under the conditions of this experiment disease susceptibility of the inbred lines was influenced to a varying degree by the nutrition of the suscepts, and their nutrition in turn was significantly altered.by the Mg level under which they were grown. Leaf analysis revealed the extent and direction of changes in nutrition resulting from the three magnesium levels. On the basis of the leaf-analysis data it would appear that the relationship between nutrition and disease susceptibility cannot be traced to the effect of a single element. While the Mg content of the leaf tissue increased many fold at the same time that disease incidence increased, there was also a consistent decrease in the concentration of N, P, K, and S. Thus the relationship between disease incidence and nutrition appears to be related to the quantitative effects of these five elements. Figure 1 is designed to show the relationship betwveen these five elements together with calcium and the incidence of disease. The construction of the figure is based on the method of Nicholas (11) and is drawn by plotting the analytical results of the leaf analyses from the magnesium treatment resulting in the lowest disease incidence, in this case the low level, on the radii so that a regular polygon is formed when the vertices are connected. All other treatments are superimposed on the regular polygon using the scale already established. Thus any increase or decrease in the concentration of any one of the elements results in a change in the shape of the polygon. It will be noted from figure 1 that as disease incidence increased there was a consistent decrease in the concentration of N, P, K, and S; while Mg showved a large increase. However, there was also a change in the ratio or balance of nutrition with each successive increment of magnesium applied in the nutrient solutions. Calcium, which failed to exhibit a consistent relationship to disease incidence in the inbred line Ohio 41, has been included in the diagram because of its importance in relation to the other bases.
It is interesting to note the similarity of results obtained by Thomas and Mack (18) When the primary disease lesions had reached a maximum size, a disease index was calculated based on the area of the lesions. Leaf samples were taken from both inbred lines after they had been inoculated and were analyzed chemically for twelve elements to determine the effect of the three magnesium levels on the nutrient-element composition.
The different magnesium levels significantly altered the nutrient-element composition of both inbred lines. Progressive increments of magnesium in the nutrient solutions were reflected in a highly significant increase of this element in the leaf tissue and a significant decrease in the nitrogen, phosphorus, potassium, and sulphur content.
As a result of the modification in the nutrient-element composition, disease susceptibility of the plants was consistently increased from the low magnesium level to the high. In the case of Ohio 41 the difference between the low and medium magnesium levels was statistically significant as was that between the low and high levels. There was no significant difference between the medium and the high levels. While Illinois Hy exhibited the same trend with regard to disease susceptibility, the differences were not statistically significant.
Evidence is presented which indicates that the relationship between increased disease incidence and nutrition of the suscepts was related to the quantitative and qualitative effects of nitrogen, phosphorus, potassium, sulfur, and magnesium. LITERATURE CITED
